In vitro solubility of calcium, iron and zinc in relation to phytic acid levels in rice-based consumer products in China. 
INTRODUCTION

30
Rice is a major food cereal in China and about 95% of harvested rice is used for consumer food products either 31 as white rice or as processed foods (e.g. noodles) (FAO, 2006) . Rice serves as the major dietary source of energy, 32 protein, thiamine, riboflavin, niacin, iron and calcium (Juliano, 1997; Kennedy et al., 2002) . It was reported that 33 in China, during the period 1997-2001, rice products supplied about 30-40% of the dietary energy intake (FAO, 34 2004; Kennedy et al., 2002) . In 2002 and 2003, intake of rice and rice products in China was 238 and 215 35 g/capita/day, respectively, which supplied 35% of total energy intake (FAO, 2006; Wang, 2005) . This number is 36 even higher in rural areas: estimates from 2002, give an intake of rice and rice products of 246 g/capita/day.
37
In China, iron deficiency related anaemia is quite common: it affects about 30% of pregnant and lactating 38 women. This situation did not improve by changes of the dietary structure (increased consumption of legumes 39 and vegetables) aimed at increasing iron intake (Wang, 2005) . The main reason for iron deficiency anaemia and 40 mineral malnutrition in China and other predominantly rice consuming countries is related to the poor 41 bioavailability of iron and other important micronutrients (calcium, zinc). Ma recently reported that, while 3 unaccepted sensory properties (Huang, 2004) . Intensively processed products include rice noodles, rice crackers 60 and rice-based infant foods, and mainly originate from further processing of white rice. Whereas several studies 61 addressed process innovations for improved sensory quality (Lu et al., 2005; Park et al., 2001; Wang et al., 2003;  62 Zhu, 1990) , only Ma included several rice products in a survey of minerals and phytic acid in common Chinese 63 foods (Ma et al., 2005) . In previous studies we reported the natural variation in phytate and mineral levels in
64
Chinese rice (Liang et al., 2007) , and the efficacy of dry fractionation and wet processing in improving mineral bioavailability (Liang et al., 2008; Liang et al., 2008b) .
66
With the present study, we aim to gain understanding of the effect of standard commercial processing on the 67 mineral contents and bioavailability of commercial rice products. To this end we collected 30 representative rice-68 based products from commercial outlets in China. All samples were analyzed for their contents of minerals and 69 phytic acid. We also assessed the in vitro solubility of minerals after enzymatic digestion. (Horwitz, 2000) . In vitro soluble minerals were measured in the supernatant after enzymatic digestion of 84 suspended food samples. Enzymatic digestion followed the procedure of Kiers et al. (2000) . After digestion, the 85 reaction mixture was centrifuged at 3600 g at 4 ºC for 15 min and the supernatants were filtered through a 0.45 86 µm membrane. Calcium, iron and zinc in acid digests and supernatants of enzymatic digests were determined 87 with an inductively coupled plasma optical emission spectrometer (ICP-OES) (Optima 2000, Perkin-Elmer) 88 (Bentsink et al., 2003) . During analysis, the sample flow rate was 1.5 mL min -1 . respectively, and phytic acid levels were 10-17 mg g -1 . Consumption of rice products from this group will result 123 in mineral intake, however, a considerable intake of phytic acid will take place at the same time.
124
[Insert Table 2 here] 125 Table 2 presents the levels of phytic acid, calcium, iron and zinc and the molar ratios of phytic acid to minerals 126 in the various product categories. Compared with the other categories, infant foods had higher levels of minerals.
127
Among the other five categories, the highest levels of calcium and zinc occurred in germinated rice, and the 128 highest levels of phytic acid and iron in brown rice. White rice had the lowest contents of calcium and iron.
129
Noodles and crackers had similar mineral levels. Phytic acid levels in noodles and crackers were similar to those 130 of white rice, about 10% of brown rice. This indicated that milling brown to white rice significantly reduced 6 phytic acid levels, but that further processing, involving soaking, fermentation and enzymatic treatment, did not 132 significantly affect phytic acid.
133
As shown in (1) Brown rice was germinated till the sprout length was 0.5 -1.0 mm (Huang, 2004) 26.3 ----Germinated rice White rice b (8) Brown rice was milled and polished to remove the outer layer of brown rice and obtain nice appearance and edible quality (Ruan, 2005) 12.9 11.6 -13.5 White rice Short-grain (5) ----12.8 11.6 -13.5 White rice Long-grain (3) ----12.9 12.6 -13.2 White rice Rice noodles (7) ----11.4 10.2 -13.0 ----Group 1 c (4) White rice soaked in water, ground with or without water, steamed, extruded, cooled and dried (Zhu, 1990) 11.9 10.7 -13.0 Rice and water 
